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Abstract 
The thresholds for the relative poverty lines are determined in practice as a percentage q  from the mean or from the median of 
the income population distribution. The percent q is usually considered around 50% in the case of mean and about 60% for the 
median. In the scientific literature is not mentioned a credible justification for choosing the proportion q. For this reason we 
suggested in the present work four axioms A1-A4 to be verified compulsory by the relative poverty lines. 
In addition, we proposed more possible income distributions  X  from different populations and we also proved graphically that 
an arbitrary variable X can or cannot satisfy the restrictions A1-A4.Having in mind this last result it is necessary in the future to 
improve the methodology for a more accurate selection of the poverty thresholds. 
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1. Designing the poverty lines 
Cowell (1998), (2000), (2009) discussed in his papers about the meaning of the inequality term and how to select 
a good measure for it. In general the indices for social and economic inequality compare income distributions by 
using more criteria (see also Charles-Coll, 2011). We mention here the axiomatic approach, different practical 
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interpretations, ethical, social, economical and empirical principles or a justified mathematical construction (Cowell  
(1998), (2000), (2009) ). Cowell studied especially the structure of inequality, the decomposition aspects by 
subgroups, emphasizing the possible between-group inequalities, the relation between income and needs or the 
influence of the poverty phenomenon to generate inequality and reverse. Inequality is analysed by using different 
social-welfare functions or appealing to the information theory (Cowell (2009) ). Cowell (1998) and Cowell (2009) 
suggest also some techniques to build inequality measures related to a particular phenomenon and in addition 
specifies how to select the most suitable indicator. 
The Gini coefficient is the most popular indicator applied in practice to measure different types of inequalities ( 
Cowell (2009), Duclos and Araar (2004) ). The computation of Gini coefficient is based on Lorenz curve. In fact the 
Lorenz curve provides the whole information about the distribution of income X but relative to the mean values 
(Duclos and Araar (2004)). In addition an important partial order relation between income distributions (see also 
distributive dominance, poverty and inequality dominance, Duclos and Araar (2004) ), uses Lorenz curve too ( more 
details and extensions in Gajdos (2004) ).  
For the subsequent we will apply Gini coefficient to compare the inequalities. We choose the computation 
formulas from Ştefănescu and Ştefănescu (2014). 
The level of poverty is often correlated with different types of poverty thresholds, that is, absolute, relative or 
subjective poverty lines. This diversity of poverty thresholds is imposed by the variety of definitions for the poverty 
phenomenon (Laderchi et al. (2003)) or by the complex relation between income and consumption aspects(Alpizar 
et al. (2005)). In this context, Bogdanov et al. (2012) present criteria to evaluate various poverty lines. More, 
Aaberge and Atkinson (2013) emphasize the role of the median index to build an accurate poverty threshold. 
Zheng (2001) develops statistical evaluations of the poverty degree by using known inequality measures which 
are based on a relative poverty line. 
In the literature ( Berthoud (2012), Zheng (2001) ) are preferred frequently two relative poverty thresholds  1  
and  2 having the form 
               1 =  Mean( X )                             2 =  Mdn( X )                                                                (1.1) 
where  Mean( X ) , Mdn( X )  are the mean, respectively the median of the income variable X and  0 < 
 
 
2. Some concordance restrictions 
We intend to establish four axioms  A1-A4  which must be validated by all income distributions X used to define 
the relative poverty lines. The set of the axioms proposed in Ştefănescu and Ştefănescu (2014) was enlarged. In this 
context we must mention that Zin (2007) suggested also an axiomatic approach to define realistic poverty lines. 
Reminding that for any income distribution X  we design at least two relative poverty lines  1  and  2 defined by 
formulas (1.1). Imposing closed values between the both poverty thresholds, that is  1  2 , we deduce for fixed 
percentages coefficients    and    the approximation   
                    Mdn(X) / Mean(X)                                                                                                          (2.1) 
Since EU countries operate with   = 0.5  and   = 0.6  ( Berthoud (2012), Zheng (2001) ) we obtain from 
formula (2.1) the relations 
                    Mdn(X) / Mean(X)   = 5 / 6 < 1                                                                                      (2.2) 
Generally, in the literature is supposed implicitly that the income distribution  X  satisfies the restriction 
           A1. For any income data set X we have  Mdn(X) < Mean(X). 
At least in EU is accepted unreservedly that 
         A1a. For any EU income distribution X we have the approximation  
                    0.6 Mdn(X)  0.5 Mean(X) 
Without demand the same poverty thresholds  1  and  2 , but keeping in mind a concordance relation of order 
among them, we proposed a robust ratio between the mean and the median indicators. More precisely 
         A2. For any income distributions  X  and  Y  we have   (X,Y )  0 
where  
                     (X,Y ) = ( Mdn(X) - Mdn(Y) ) ( Mean(X) - Mean(Y) )                                                           (2.3) 
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The axiom A2 suggests us that the mean and the median coefficients vary together in a similar way. So, if the 
mean of the income values  X  decreases then the median of  X  must decrease too and reverse. 
We will extend this reasoning to the ratio between the poverty and inequality phenomena. More exactly, 
increasing the mean of the income data set  X  is equivalent to  increase the relative poverty threshold  1 = Mean(X) 
. In this case the number of poors inside the studied population is not diminished. This fact could amplify the 
intensity of polarization and inequality aspects for the analyzed community since these both social and economical  
phenomena are strongly related in reality. In this context the value of the inequality index becomes larger. A 
analogous discussion could also be made in the situation when the mean of the income distribution is diminished. 
Taking into consideration the previous arguments and selecting Gini coefficient to measure the inequality level it 
is natural to impose the axiom 
        A3. For any two income data sets  X  and  Y  we must have   (X,Y )  0  
where 
                    (X,Y ) = ( Mean(X) - Mean(Y) ) ( Gini(X) - Gini(Y) )                                                             (2.4) 
Since the median indicator is often preferred in practice to define a new other relative property line    we can 
also appeal to the precedent arguments. More clearly, to assure a concordance between the poverty and the 
inequality levels for two income distributions  X  and  Y  we will demand a similar constrains as axiom  A3, that is  :  
        A4. For any two income data sets  X  and  Y  we must have  (X,Y )  0  
where 
                    (X,Y ) = ( Mdn(X) - Mdn(Y) ) ( Gini(X) - Gini(Y) )                                                                (2.5) 
We mention especially that Zin (2007) reconsidered the poverty lines in Malaysia using a new set of constrains 
which are different from our axioms A1-A4.  
3. Verifying the axioms A1-A4  
3.1. An example 
Table 1a. The income data sets X1-X9 having everyone ten elements 
X1 0.95156 0.75046 0.04306 0.77288 0.97451 0.89952 0.04303 0.95228 0.75385 0.81041 
X2 0.70675 0.00761 0.94524 0.78293 0.05824 0.06391 0.98073 0.98853 0.93451 0.92279 
X3 0.90165 0.73791 0.60412 0.97859 0.49743 0.76659 0.20835 0.99620 0.05403 0.84599 
X4 0.03698 0.81728 0.33005 0.11451 0.96359 0.11065 0.09720 0.23273 0.94852 0.33169 
X5 0.54406 0.27000 0.14783 0.63905 0.16325 0.13097 0.81577 0.38880 0.91366 0.06673 
X6 0.12672 0.16436 0.80473 0.64471 0.14468 0.34896 0.69835 0.01975 0.09239 0.60224 
X7 0.20216 0.05739 0.69665 0.05758 0.72283 0.69572 0.57571 0.89268 0.99402 0.26590 
X8 0.33277 0.40248 0.28747 0.52269 0.86260 0.36588 0.33465 0.81553 0.42420 0.67670 
X9 0.55897 0.73850 0.25735 0.49701 0.80153 0.65840 0.52952 0.73487 0.49663 0.39989 
Table 1b. Statistical characteristics of the distributions X1-X9 
Data set Mean(X) Mdn(X) Gini(X) Mdn(X) / Mean(X)
X1 0.69516 0.79164 0.23344 1.1388 
X2 0.63912 0.85286 0.32099 1.3344 
X3 0.65909 0.75225 0.25257 1.1414 
X4 0.39832 0.28139 0.46648 0.7064 
X5 0.40801 0.32940 0.39541 0.8073 
X6 0.36469 0.25666 0.42375 0.7038 
X7 0.51606 0.63572 0.35443 1.2319 
X8 0.50250 0.41334 0.21409 0.8226 
X9 0.56727 0.54424 0.15817 0.9594 
 
In this section we intend to verify if the axioms A1-A4 are always satisfied by all possible data sets  X  with strict 
positive elements. For this reason we will consider nine random data sets  X1-X9  which are defined in Table 1a.  
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Every one of these data set has the same volume n=10. More, all the values  xi , 1  i  n , belonging to an 
arbitrary data set X were taken in the domain  (0 , 1) and therefore the following inequalities are permanently 
verified : 
   0 < Mean(X) < 1        ,          0 < Mdn(X) < 1             
Table 1b contains the values of the mean, median and Gini indicators for the income distributions of the variables  
X1-X9 from Table 1a. 
3.2. Axiom A1 
The axiom A1 stipulates that every income data set X must verify the inequality Mdn(X) < Mean(X) . The points 
X  from Fig.2 have the Cartesian coordinates  (Mean(X) , Mdn(X)). 
For this reason an arbitrary point  X  situated under the continuous line  Mdn(X) = Mean(X)  of Fig.2 satisfy the 
inequality Mdn(X) < Mean(X). It is the case of the points X4, X5, X6, X8  and  X9.  
From all these previous income data sets only the points  X5  and  X8  satisfy in addition the approximation 
relation   0.6 Mdn(X)  0.5 Mean(X) . Indeed, the income distributions  X5  and  X8  are closed placed near the 
dotted line in Fig.2.  
The remaining points  X1, X2, X3  and  X7  do not satisfy the axioms A1 and A1a . 
Therefore, the conditions A1 or A1a are not fulfilled for all income data set  X  which have strict positive 
elements.  
 
 
 
Fig.2. The variables X1-X9 
3.3. Axiom A2 
We will consider the standard quadrants  Q1-Q4  to define a partition of the real plane R2 : 
       Q1 = {  (x , y)   |   x  0  ,  y  0 }   
       Q2 = {  (x , y)   |   x < 0  ,  y > 0 }   
       Q3 = {  (x , y)   |   x  0  ,  y  0 }   
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       Q4 = {  (x , y)   |   x > 0  ,  y < 0 }   
To any data set  Xj  and  Xk  , 1  j , k  9 , we associate the point denoted by  jk  which have the Cartesian 
coordinates  ( Mean(Xj) - Mean(Xk) , Mdn(Xj) - Mdn(Xk) ) . Two arbitrary data sets  Xj  and  Xk  satisfy axiom A2 if 
and only if   jk  Q1  Q3 . 
Fig.3 proves that axiom A2 is not always verified. More precisely, there are points  jk  which belong to the 
quadrants  Q2   and  Q4  in Fig.3. Indeed, the pairs  (X7 , X9), (X2 , X3)  and   (X1 , X2)  do not verify axiom A2.     
 
 
 
Fig.3. The representation of the pairs  (Xj , Xk)  by using the mean and the median indices 
3.4. Axiom A3 
To test axiom A3 we will represent the points  jk  attached to the pairs  (Xj , Xk) , 1  j , k  9 , by using the 
following Cartesian coordinates  ( Mean(Xj) - Mean(Xk) , Gini(Xj) - Gini(Xk) ). In this case results the Fig.4.   
Surprising, the majority of the points  jk  belong to the quadrants  Q2  and  Q4  from Fig.4. Therefore the 
condition A3 is not habitually true. 
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Fig..4. The representation of the pairs  (Xj , Xk)  by using the mean and Gini coefficient 
3.5. Axiom A4 
Now we will consider in Fig.5 the points  jk , 1  j , k  9 , with the Cartesian references   ( Mdn(Xj) - Mdn(Xk) , 
Gini(Xj) - Gini(Xk) ) . In this context only the points located in the quadrants  Q1   and  Q3  validate the condition A4. 
Having in mind the graphic Fig.5 we conclude that axiom A4 is not always true for an arbitrary set of income 
distributions.     
Concluding, the proposed income distributions  X  from Table 1a suggest us to apply carefully the formula (1.1) 
for defining the relative property lines.    
4. Partial conclusions 
The relative poverty threshold    is a given percentage   or    from the mean  Mean(X) , respectively from the 
median  Mdn(X) , of the income distribution  X.  
A problem arising frequently in practice is related to the concrete procedure which define the realistic values for 
the parameters   and  . In the literature are used commonly the coefficients   = 0.6  and   = 0.5  without 
making all the time a pertinent explanation ( Anker (2005) ; Berthoud (2012) ; Zheng (2001) ). 
We have to decide clearly if the relative poverty line will be based on the mean or on the median indicator. We 
proved that the mean and the median values do not constantly vary in the same way ( Fig.3 ).   
The relative poverty thresholds    are deduced for every wage distribution  X. For this reason it is essential to 
establish an unitary methodology to compare accurately the relative poverty lines resulted from different categories 
of populations, Berthoud (2012), Bogdanov et al. (2012). The calibration factors must compulsory be associated 
with some socio-economical aspects.  
The reality presumes complex links between the polarization, wellbeing, satisfaction with the life, health status or 
inequality aspects and the poverty phenomenon. See Makdissi and Yazbeck (2012) for a new class of health and 
inequality measures. The proposed axioms A3-A4 guarantee a minimum concordance conditions when are evaluated 
together the inequality and the poverty levels from an arbitrary income data set  X. To estimate more accurate the 
poverty phenomenon we must imagine new supplementary restrictions, the inequality aspects being used as control 
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variables. 
Concluding, each of the axioms A1-A4 are satisfied only by a part of the income distributions  X. There are data 
sets  X  which verify all the proposed axioms A1-A4. We mention here the collection  { X4 , X6 }  of income 
distributions ( see Fig.2-Fig.5 ). 
Taking into consideration all the previous remarks we recommend for the future to give a clear justification for 
choosing the appropriate relative poverty lines.  
 
 
 
Fig..5. The representation of the pairs  (Xj , Xk)  by using the median and Gini coefficient 
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